Introduction
============

Propofol is an ideal agent for endoscopic treatment because it is associated with a rapid onset of action with a short duration of effect [@JR064-1] [@JR064-2] [@JR064-3] [@JR064-4]. Recently, non-anesthesiologist administration of propofol (NAAP) has been reported and it was carried out safely during endoscopic treatment as well as endoscopic screening procedures [@JR064-5] [@JR064-6] [@JR064-7] [@JR064-8] [@JR064-9] [@JR064-10] [@JR064-11] [@JR064-12] [@JR064-13]. In addition, it is important to maintain a stable condition in the patient, especially during complex and long endoscopic procedures such as gastric and esophageal endoscopic submucosal dissection (ESD). However, oxygen desaturation (SpO~2~ \< 90) and hypotension (BP \< 90 mmHg) are drawbacks of propofol sedation. Regarding oxygen desaturation, we reported that the frequencies of SpO~2~ \< 90 were 9.0 -- 10.2 % when propofol sedation was used during ESD [@JR064-14]. Recently, very high rates of desaturation using propofol sedation have been reported; the rates of desaturation (SpO~2~ \< 90) were 12.5 -- 44.5 %, and surprisingly, the rates of severe desaturation (SpO~2~ \< 85) were 3.7 -- 30.9 % in screening esophagogastroduodenoscopy, colonoscopy, and endoscopic retrograde cholangiopancreatography (ERCP), and moderate sedation should be required [@JR064-15] [@JR064-16] [@JR064-17] [@JR064-18]. Gotoda et al. [@JR064-19] reported that the ESD procedure was carried out with NAAP and with manually controlled infusion. In that study, propofol was carefully and slowly administered, but desaturation occurred in 6.6 % of the procedures [@JR064-19].

In order to avoid these adverse events, studies on the efficacy and utility of bispectral index (BIS) monitoring of propofol sedation during endoscopic procedures have been conducted. The score of BIS was calculated from the patient's electroencephalograph and this score varies between 0 (coma) and 100 (awake), and correlates with the degree of sedation. The target level of BIS is from moderate to deep sedation until obtaining a stable BIS score of between 60 and 80. There were several reports on the effectiveness of BIS monitoring of propofol sedation in reducing the recovery time during ERCP and in the satisfaction of patients and the operator during ESD. On the other hand, because the use of a BIS monitor is not able to reduce the dose of propofol, its usefulness has been controversial [@JR064-14] [@JR064-20].

A target-controlled infusion (TCI) system that is built on the pharmacokinetics of propofol, along with a computer-assisted infusion algorithm can be suitable. A steady plasma concentration of propofol can be achieved by adjusting titration automatically [@JR064-21].

In the field of dental anesthesia for patients with intellectual disability, it was reported that propofol sedation using BIS-guided TCI is a useful and safe method in the management of patients [@JR064-22]. Propofol administration via a TCI system with a BIS monitor (BIS/TCI system) is expected to prevent complications of sedation and this system will also reduce the risk of over-dosage. Also, this system will be introduced for sedation administered by a non-anesthesiologist during endoscopic treatment. The aim of this study was to evaluate the feasibility of setting the BIS/TCI system for sedation by NAAP during ESD.

Patients and methods
====================

The study was approved by the Ethics Committee of Mitoyo General Hospital, Kagawa, Japan. From May 2009 to February 2013, 250 patients with esophagogastric neoplasms were treated with ESD using the BIS/TCI system of propofol sedation. Adult patients with American Society of Anesthesiologists (ASA) classification 1 -- 3, who were diagnosed with gastric cancer or esophageal cancer and who provided written informed consent, were included in this study. Patients who were assigned to ASA classification 4 -- 5, and patients with egg or soy allergy, were excluded. All patients underwent chest radiography, electrocardiography, blood analysis including liver and renal function tests, and spirometry before treatment.

ESD procedure
-------------

A mark was made around the lesion using a Dual Knife (KD-650 L/Q; Olympus, Tokyo, Japan) in soft coagulation mode. Then Glyceol (10 % glycerol and 5 % fructose in normal saline (NS) solution; Chugai Pharmaceutical Co., Tokyo, Japan) with small amounts of epinephrine and indigo carmine or Muco Up (0.4 % sodium hyaluronate; Johnson & Johnson K.K., Tokyo, Japan) diluted two times with glycerol solution was injected into the submucosal layer. Incision and dissection were carried out primarily using the Dual Knife, and also the Olympus ITknife nano (KD-612L; Olympus) and mucosectome2 (DP-D2518; HOYA Pentax, Tokyo, Japan) [@JR064-23] [@JR064-24] [@JR064-25] [@JR064-26].

Propofol administration with BIS/TCI system
-------------------------------------------

In the team for endoscopic treatment, there were at least four persons including the operating doctor with at least three assistants (one doctor and two nurses). Propofol was administered by non-anesthesiologists, including endoscopists and nurses who had attended the Immediate Cardiac Life Support course. This is one of the training courses specifically provided in Japan, and includes Basic Life Support and a part of the Advanced Cardiovascular Life Support [@JR064-27]. They were also trained in administering propofol sedation under the supervision of anesthesiologists. Supplemental oxygen (2 L/min via a nasal cannula) and pentazocine (15 mg, via the intramuscular route; Daiich-Sankyo Co., Tokyo, Japan) were administered at the beginning of the procedure. The propofol used in this study was Diprivan (AstraZeneca, Osaka, Japan). In the TCI system, the initial target blood concentration of propofol (effect-site concentration: Ce) was set at 1.2 μg/mL. The initial Ce was chosen for moderate sedation on the basis of a previous study and our pilot experiments on Japanese patients [@JR064-22].

The titration speed of propofol was adjusted by increasing or decreasing the blood concentration of propofol by 0.2 µg/mL according to the BIS score and the movement of the patient. If the patient began to move or the BIS score was over 85, the blood concentration of propofol was increased by 0.2 µg/mL. Movement of the patient was considered to have occurred if there were movements of the upper and lower extremities of the patient two or more times in succession during the procedure. In contrast, if the BIS score was less than 50 or the vital signs showed abnormalities, the blood concentration of propofol was decreased by 0.2 µg/mL. Abnormality of vital signs was defined as just one occurrence among SpO~2~ \< 90 %, BP \< 90 mmHg and bradycardia (PR \< 50 bpm) during the procedure. Stable sedation was defined as the condition in which the patient had no movement and no abnormalities of vital signs. Under stable sedation, it was possible to carry out the treatment while having a good endoscopic view and under good conditions. The BIS target level ranged from moderate to deep sedation, at which a stable BIS score between 60 and 80 was obtained [@JR064-14]. The data including the ASA classification of the patient, dose of propofol, the propofol concentration setting on TCI, any adverse effects during the procedure, and procedure time were prospectively entered into a database.

Statistical analysis
--------------------

Continuous data are expressed as mean ± standard deviation (SD). The Wilcoxon rank sum test was used to assess the significance of differences between two independent groups. *P* \< 0.05 was considered statistically significant.

Results
=======

A total of 292 early esophageal (21 lesions in 20 patients) and gastric (271 lesions in 230 patients) tumors in 250 patients were treated by ESD with propofol sedation using the BIS/TCI system. The mean age was 72 ± 9 years (range 39 -- 92 years). The male/female ratio was 200:50. The mean sizes of the resected specimen and the lesion were 37 ± 13 mm and 13 ± 10 mm, respectively. All patients were administered propofol sedation using the BIS/TCI system during the procedure. The mean procedure time was 89 ± 59 min, and the mean dose of propofol was 4.19 ± 1.32 mg/kg/h. The medians of the lower and upper bounds of the blood concentration of propofol were 1.2 µg/mL (range 0.6 -- 1.8 µg/mL) and 1.4 µg/mL (range 1.0 -- 3.8 µg/mL), respectively. In 80.4 % of patients, it was possible to maintain stable sedation throughout the endoscopic procedure with a blood concentration of propofol of less than 1.6 µg/mL using TCI ([Fig. 1](#FI064-1){ref-type="fig"}).

![ Blood concentration of propofol in the target-controlled infusion (TCI) system in all patients. In 80.4 % of patients, it was possible to maintain stable sedation with a blood concentration of propofol of less than 1.6 µg/mL using TCI throughout the endoscopic submucosal dissection procedure. The default setting of ideal blood concentration for propofol was set at 1.2 μg/mL because the medians of the lower and upper bounds of the blood concentration of propofol were 1.2 µg/mL (range 0.6 -- 1.8 µg/mL) and 1.4 µg/mL (range 1.0 -- 3.8 µg/mL), respectively.](10-1055-s-0034-1377519-i064ei1){#FI064-1}

Twenty-three of the 250 patients had to be additionally administered pentazocine during the procedure, because there was body movement of the patient despite the increased setting of the target blood concentration of propofol (Ce). These cases had a tendency to be time-consuming and tended to be cases of esophageal cancer. The mean dose of pentazocine was 16.4 mg per patient ([Table 1](#TB064-1){ref-type="table"}). Amongst the esophageal cancer cases, there was a significantly higher frequency of relatively young patients than amongst the gastric cancer cases, with more frequent additional pentazocine administration, higher propofol doses and higher values of the upper bound of blood concentration of propofol in the TCI system ([Table 2](#TB064-2){ref-type="table"}). Although hypotension occurred in 27 patients (10.8 %), oxygen desaturation occurred in only nine patients (3.6 %), and severe desaturation in only two patients (0.8 %) ([Table 3](#TB064-3){ref-type="table"}).

###### Clinical and procedural characteristics of the patients.

  Characteristic                                                           
  ------------------------------------------------------------------------ ---------------------------
  No. of patients                                                          250
  Age, mean ± SD (range), years                                             72 ± 9 (39 -- 92)
  Sex, male, n (%)                                                         200 (80)
  BW, mean ± SD (range), kg                                                 59 ± 10 (30 -- 81)
  BMI, mean ± SD (range)                                                    23 ± 3 (13 -- 31)
  ASA class, n (%)                                                         
   1                                                                        67 (27)
   2                                                                       135 (54)
   3                                                                        48 (19)
  **ESD, n (%)**                                                           
   Esophagus                                                                20 (8)
   Stomach                                                                 230 (92)
  **Sedation**                                                             
   Total dose of propofol, mean ± SD (range), mg                           345 ± 256 (69 -- 1823)
   Total dose of propofol, mean ± SD (range), mg/kg/h                        4.2 ± 1.3 (1.6 -- 11.5)
  **Analgesic agent**                                                      
   Total amount of pentazocine, mean ± SD (range), mg                       16.4 ± 4.6(15 -- 45)
   Cases of additional administration of pentazocine, n (%)                 23 (9)
  **BIS score and TCI**                                                    
   Minimum BIS score, mean ± SD (range)                                     56 ± 11 (27 -- 80)
   Upper bound of blood concentration of propofol, median (range), μg/mL     1.4 (1.0 -- 3.8)
   Lower bound of blood concentration of propofol, median (range), μg/mL     1.2 (0.6 -- 1.8)

BW, body weight; BMI, body mass index; ASA, American Society of Anesthesiologists' classification; ESD, endoscopic submucosal dissection; BIS, bispectral index monitor; TCI, target-controlled infusion.

###### Results of the procedure and sedation between the groups.

                                                                           Esophagus            Stomach              *P* value
  ------------------------------------------------------------------------ -------------------- -------------------- ------------
  No. of patients (lesions)                                                 20 (21)             230 (271)            
  Age, mean ± SD, years                                                     67 ± 11              72 ± 9               \< 0.05
  Sex, male, n (%)                                                          19 (95)             181 (79)             
  BW, mean ± SD, kg                                                         58 ± 10              59 ± 11                   0.53
  BMI, mean ± SD                                                            21 ± 3               23 ± 3               \< 0.05
  **ASA class, n (%)**                                                                                               
   1                                                                         6 (30)              61 (27)             
   2                                                                        10 (50)             125 (54)             
   3                                                                         4 (20)              44 (19)             
  **Sedation**                                                                                                       
   Total amount of propofol, mean ± SD, mg                                 574 ± 459            326 ± 221             \< 0.01
   Total dose of propofol, mean ± SD, mg/kg/h                                4.8 ± 1.1            4.1 ± 1.3           \< 0.01
  **Analgesic agent**                                                                                                
   Total dose of pentazocine, mean ± SD, mg                                 19 ± 8               16 ± 4                    0.12
   Cases of additional administration, n (%)                                 4 (20)              19 (8)               \< 0.05
  **BIS score and TCI**                                                                                              
   Minimum BIS score, mean ± SD                                             58 ± 12              56 ± 11                   0.37
   Upper bound of blood concentration of propofol, median (range), μg/mL     1.8 (1.0 -- 3.8)     1.3 (1.0 -- 3.8)    \< 0.001
   Lower bound of blood concentration of propofol, median (range), μg/mL     1.2 (0.8 -- 1.6)     1.2 (0.6 -- 1.8)         0.21
   Time of procedure, mean ± SD, min                                       111 ± 91              79 ± 54                   0.10

BW, body weight; BMI, body mass index; ASA, American Society of Anesthesiologists' classification; ESD, endoscopic submucosal dissection; BIS, bispectral index monitor; TCI, target-controlled infusion.

###### Adverse events during the ESD procedure using the BIS/TCI system.

  Adverse event                              n (%)
  ------------------------------------------ -----------
  Hypotension (syst. BP \< 90 mmHg), n (%)   27 (10.8)
  Hypoxemia (SpO~2~ \< 90 %), n (%)           9 (3.6)
  Severe hypoxemia (SpO~2~ \< 85 %), n (%)    2 (0.8)

All cases of oxygen desaturation were resolved through conservative therapy or by increasing the concentration of supplied oxygen. There were no severe adverse events involving propofol sedation during the ESD procedures.

Discussion
==========

By administering propofol, it was possible to maintain moderate to deep sedation during complex endoscopic procedures. However, there is a need for a suitable and safe method of propofol administration by non-anesthesiologists. Propofol administration via a target-controlled infusion system with a bispectral index monitor (BIS/TCI system) is expected to prevent complications of sedation during complex and long endoscopic procedures such as gastric and esophageal ESD. In the results of this study, using our settings for the BIS/TCI system, it was possible for a non-anesthesiologist to maintain stable sedation during a lengthy endoscopic procedure through propofol sedation. In addition, after setting the target blood concentration of propofol (Ce), it was possible to carry out safe endoscopic therapy while the BIS/TCI system monitored the BIS score, vital signs and movement of the patient. The ideal setting for the initial Ce was 1.2 μg/mL, because the median of the lower bound of Ce was 1.2 µg/mL (range 0.6 -- 1.8 µg/mL) and in 80.4 % of all patients, it was possible to maintain stable sedation with a Ce of less than 1.6 µg/mL using TCI.

Propofol administered by TCI was first described in 1989 [@JR064-21]. TCI automatically provided computer-controlled pump infusions of propofol depending on the patient's weight. Several studies have reported that TCI has benefits in bidirectional endoscopy (esophagogastroduodenoscopy followed by colonoscopy) [@JR064-16], endoscopic retrograde cholangiopancreatography (ERCP) [@JR064-17] [@JR064-28] [@JR064-29], colonoscopy [@JR064-30], dental surgery [@JR064-22], sleep nasopharyngoscope examination [@JR064-31], direct laryngoscopy and bronchoscopy [@JR064-32].

We set the initial target blood concentration of propofol at 1.2 μg/mL in the TCI system. There have been some studies in Western countries that reported the default concentration of TCI as 2.0 -- 4.0 µg/mL; however, a high rate of decline of SpO~2~ was observed [@JR064-15] [@JR064-16]. In addition, in dental anesthesia in Japan, there was a report that moderate sedation was obtained in Japanese patients with a blood concentration of propofol of 1.2 µg/mL [@JR064-22]. There may be ethnic differences in the metabolism of propofol; it was possible to obtain sufficient sedation even after setting the target concentration of propofol at 1.2 μg/mL in the TCI system. Because our initial setting of Ce using the TCI system was lower than that in other reports, it required about 5 min at the start of treatment for BIS values to become 80 or less. However, it is believed that slow administration of propofol is most important to achieve safe sedation because, in general, desaturation may occur if propofol is administered too rapidly.

The efficacy and utility of a BIS monitor for propofol sedation during endoscopic procedures have not been proven, because use of a BIS monitor is not able to reduce the dose of propofol. However, with reference to the value of BIS, it is easy to adjust the settings of the TCI system. Also, by using the BIS monitor, the operator will be able to perform the entire procedure with confidence by monitoring the level of sedation objectively. Upon comparison of patients with gastric or esophageal lesions, a higher value of blood concentration of propofol should be set in the TCI system in patients with esophageal lesions than in those with gastric lesions. However, since the number of cases was small, it will be necessary to accumulate more cases in the future.

In conclusion, using our settings in the BIS/TCI system, it is possible for a non-anesthesiologist to maintain stable sedation with propofol during a lengthy endoscopic procedure.
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